INSULATED GATE SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD THEREFOR 

BACKGROUND OF THE INVENTION 
5 1. Technical Field of the Invention 

This invention relates to an insulated gate semiconductor device 
with high voltage structure and its manufacturing method, especially to a 
technology to improve the breakdown voltage between a gate and a 
source as well as the breakdown voltage between a gate and a drain. 
10 2. Background Art 

The insulated gate semiconductor device of the prior art will be 
explained hereinafter by referring to Fig. 5. This type of insulated gate 
semiconductor device is generally called a MOS transistor. Here, the MOS 
transistor with a high voltage structure will be explained. This kind of 
15 MOS transistor is used as an output buffer for an LCD driver. 

In Fig. 5, an N - type source layer 52 and an N - type drain layer 53 
are deeply formed by thermal diffusion on the surface of a P type silicon 
substrate 51. The N - type source layer 52 and the N - type drain layer 53 
are made of an N type diffusion layer of a relatively low impurity 
20 concentration. The region between the N - type source layer 52 and the N - 
type drain layer 53 is a channel region CH. 

Reference numerals 54 and 55 denote thick gate oxide films formed 
by selective oxidation. The thick gate oxide film 54 is formed at the edge 
of the N - type drain layer 53, and the thick gate oxide film 55 is formed at 
25 the edge of the N - type source layer 52. Reference numeral 56 denotes a 
field oxide film formed simultaneously by the selective oxidation stated 
above. The thick gate oxide films 54, 55, and the field oxide film 56 are 
films that are generally called LOCOS. 

Reference numeral 57 denotes a thin gate oxide film formed on the 
30 channel region CH of the MOS transistor. The thin gate oxide film 57 and 
the thick gate oxide films 54 and 55 make a unitary unit forming a gate 
oxid film. N + type source lay r 58 is formed on the surfac of the silicon 
substrate 51b tween the thick oxide film 54 and the field oxide film 56. 
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Likewise, N+ type drain layer 59 is formed on the surface of the silicon 
substrate 51 between the thick oxide film 55 and the field oxide film 56. 
The N + type source layer 58 and the N + type drain layer 59 are made of 
an N type diffusion layer of a high impurity concentration. A gate 
5 electrode 60 covers the thin gate oxide film 57 and partially extends over 
the thick gate oxide films 54 and 55. 

The structure of the MOS transistor described above can be 
summarized as follows. The edge of the gate electrode 60 is formed away 
from the N + type source layer 58 as well as away from the N + type drain 

10 layer 59. The region between the gate electrode 60 and the N + type 

source layer 58, and the region between the gate electrode 60 and the N + 
type drain layer 59 are called offset regions. In the offset regions, the 
thick gate oxide films 54 and 55 are formed. Under these thick gate oxide 
films 54 and 55, the N - type source layer 52 and the N - type drain layer 53 

15 are formed on the surface of the semiconductor substrate 51. The N - type 
source layer 52 and the N - type drain layer 53 also extend to the area 
beneath the N + type source layer 58 and the N + type drain layer 59. 

The structure described above provides an improvement in the 
breakdown voltage between the gate and the source because of the 

20 smaller electric field between the gate electrode 60 and the N + type 

source layer 58. In the same manner, the breakdown strength between 
the gate and the drain is also improved because of the smaller electric 
field between the gate electrode 60 and the N + type drain layer 59. Here, 
the breakdown voltage between the gate and the source is the voltage at 

25 which dielectric breakdown occurs between the gate and the source when 
a high voltage is applied to the gate. Likewise, the breakdown voltage 
between the gate and the drain is the voltage at which dielectric 
breakdown occurs between the gate and the drain when a high voltage is 
applied to the gate. 

30 Also, this structure provides an improvement in the source 

breakdown voltage, the drain breakdown voltage and the breakdown 
voltage b tween th source and th drain. Here, the source breakdown 
voltag is th voltage at which breakdown occurs wh n a high voltage is 
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applied to the source. Also, the drain breakdown voltage is the voltage at 
which breakdown occurs when a high voltage is applied to the drain. 
The breakdown strength between the source and the drain is the voltage 
at which breakdown occurs when a high voltage is applied between the 
5 source and the drain. 

However, in the! structure described above, the height gap hi 
between the gate electrode 60 and the N + type source layer 58 or the N + 
type drain layer 59 is large, because the gate electrode 60 partially 
extends over the thick gate oxide films 54 and 55. 
10 Thus, the flatness of the interlayer oxide film 61 is reduced since 

the interlayer oxide film made of BPSG film reflects the height gap hi, 
creating the height gap Hi. Here, BPSG stands for boron phosphorus 
silicate glass. 

The reduction in the flatness of the interlayer oxide film 61 also 

15 causes problems such as degraded processing accuracy of a wiring layer 
which is formed on the interlayer oxide film 61. When an aluminum 
wiring layer is formed on the interlayer oxide film 61, an aluminum layer 
is first formed on the interlayer oxide film 61 by a sputtering method. 
Then, a photoresist layer is formed on the aluminum layer. 

20 Next, the photoresist layer is exposed by using a stepper. A 

development processing is performed to the photoresist layer, and the 
photoresist layer is then processed to have a certain amount of line width. 
When the interlayer oxide film 61 becomes less flat, the accuracy of the 
line widths of the photoresist layer after the development processing is 

25 also degraded. 

Afterwards, etching is performed on the aluminum layer by using 
the processed photoresist layer as a mask for forming the aluminum 
wiring layer. However, the degraded accuracy of the line widths of the 
photoresist layer also leads to degraded accuracy in the line widths of the 

30 aluminum wiring layer. That is, the deterioration of the flatness of the 
interlayer oxide film 61 causes the degraded processing accuracy of the 
wiring lay r. 
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SUMMARY OF THE INVENTION 
Therefore, this inv ntion improves the flatness of the interlayer 
oxide film by minimizing the height gap between the gate electrode and 
the source layer as well the height gap between the gate electrode and the 
5 drain layer as much as possible. 

The insulated gate semiconductor device of this invention include, 
but is not limited to, a first gate oxide film formed on a semiconductor 
substrate of a first conductivity type, a second gate oxide film adjacent to 
and thicker than the first gate oxide film, a gate electrode comprising a 
10 first silicon layer formed on the first gate oxide film and a second silicon 
layer superimposed on the first silicon layer and partially extending over 
the second gate oxide film, and source and drain layers of a second 
conductivity type formed away from the gate electrode. 

In this configuration, since the part of the electrode extending over 
15 the second gate oxide film is made only of the second silicon layer, the 

thickness of this part of the gate electrode extending over the second gate 
oxide film can be small. Therefore, the height gap between the gate 
electrode and the source layer as well as the height gap between the gate 
electrode and the drain layer can be made smaller than in the prior art. 
20 Thus, the flatness of an interlayer oxide film which is formed on these 

layers and the electrode will be improved. On the other hand, since both 
the first and second silicon layers are superimposed on the first gate 
oxide films, it is possible to maintain an appropriate thickness of the gate 
electrode. 

25 The manufacturing method of the insulated gate semiconductor 

device of this invention comprises forming a first gate oxide film on a 
semiconductor substrate of a first conductivity type, forming a first 
silicon layer and an oxidation protection film on top of the 
predetermined area of the first gate oxide film, forming a field oxidation 

30 film and a second gate oxide film through selective oxidation by using the 
oxidation protection film as a mask, forming a second silicon layer 
covering an entir ar a of a device int rmediate aft r removing th 
oxidation protection film, forming a gat el ctrode which compris s the 
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first silicon layer remaining on the first gate oxide film and the second 
silicon layer superimposed on the first silicon layer and ext nding ov r 
the second gate oxide film, and forming a source layer and drain layer of a 
second conductivity type away from the gate electrode. 
5 In this manufacturing method, the first silicon layer functions as a 

pad silicon layer when the field oxide film and the second gate oxide film 
are formed by selective oxidation. The pad silicon layer is able to keep 
the LOCOS bird's beak small. Also, the pad silicon layer eases the stress 
caused by the selective oxidation, and thus prevents crystal defects from 

10 occurring in the semiconductor substrate. The manufacturing method of 
this invention keeps the first silicon layer intact and utilizes it as a part of 
the gate electrode. Also, since the part of the electrode extending over the 
second gate oxide film is made only of the second silicon layer, the 
thickness of this part of the gate electrode extending over the second gate 

15 oxide film can be small. 

Therefore, the height gap between the gate electrode and the 
source layer as well as the height gap between the gate electrode and the 
drain layer can be made smaller as compared with the prior art. 
Therefore, the manufacturing method of this invention can minimize the 

20 height gap and shorten the manufacturing processing. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross-sectional view depicting a semiconductor device 
made by the manufacturing method of this invention. 
25 Fig. 2 is a cross-sectional view depicting a semiconductor device 

made by the manufacturing method of this invention at a point 
subsequent to FIG. 1. 

Fig. 3 is a cross-sectional view depicting a semiconductor device 
made by the manufacturing method of this invention at a point 
30 subsequent to FIG. 2. 

Fig. 4 is a cross-sectional view depicting a semiconductor device 
mad by th manufacturing method of this invention at a point 
subsequent to FIG. 3. 
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Fig. 5 is a cross-sectional view depicting the semiconductor device 
of the prior art. 

DETAILED DESCRIPTION OF THE INVENTION 
5 The manufacturing method of the insulated gate semiconductor 

device as an illustrative embodiment of this invention will be explained 
hereinafter by referring to Fig. 1 - Fig. 4. As seen in Fig.l, on the surface 
of a P type silicon substrate 1 (the boron impurity concentration is about 
1 X 10 1 5 /cm 2 ), an N -type source layer 2A and an N - type drain layer 2B 

10 are formed through an ion implantation process and a diffusion process. 
The region between the N - type source layer 2A and the N - type drain 
layer 2B is a channel region CH. Here, the conditions of the ion 
implantation process and the diffusion process can be selected according 
to the targeted source breakdown voltage and drain breakdown voltage. 

15 For example, when a breakdown voltage of 30V is targeted, 

phosphorus ions should be implanted at a dose of 1 X 10 1 3 / cm 2 , and then 
the thermal diffusion at about 1100°C should be performed for several 
hours in a thermal processing furnace. 

Next, on the P type silicon substrate 1, a first gate oxide film 3 

20 (here, SiOz) of a 10 nm - 15 nm thickness is formed by thermal oxidation. 
On this first gate oxide film 3, a first polysilicon layer 4 of a 50 nm - 100 
nm thickness and a silicon nitride film (Si 3 N4 film) 5 of a 50 nm - 100 nm 
thickness are formed by LPCVD method. Then, dry etching is selectively 
performed on the silicon nitride film by using a photoresist, not shown in 

25 the figure, as a mask. The dry etching can be, for example, reactive ion 
etching using CHFa gas. Here, it is also possible to form an amorphous 
silicon layer in stead of the first polysilicon layer 4. 

The silicon nitride film 5 is selectively formed on the regions where 
an N + type source layer and an N + type drain layer are to be formed 

30 afterwards and the channel region CH. Also, when the dry etching 

described above is performed, it is possible to use the photoresist as a 
mask and to p rform the etching on the polysilicon layer 4. 

Th n, as shown in FIG. 2, thermal oxidation at about 1000°C is 
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performed for forming thick second gate oxide films 6A and 6B (here, an 
Si02 film) of about 500 nm thickness, and a field oxide film 7 is formed in 
the area where the silicon nitride film 5 is removed by etching. 

Here, the silicon nitride film 5 works as an oxidation protection 
5 film. The first gate oxide film 3 is a film that is also called a pad oxide 

film, which prevents the occurrence of crystal defects in the P type silicon 
substrate 1 under the bird's beak of the field oxide film 7. The first 
polysilicon layer 4 is a layer that is also called a pad polysilicon layer, 
which shortens the bird's beak and also prevents the occurrence of crystal 

10 defects in the P type silicon substrate 1- Additionally, the first polysilicon 
layer 4 works as a part of the gate electrode afterwards. Here, it is 
desirable to keep the resistivity of the first polysilicon layer 4 low by the 
ion implantation of impurities such as boron or phosphorus into the 
polysilicon layer 4 before or after the field oxidation. 

15 Then, as shown in Fig. 3, after removing the silicon nitride film 5 

using chemicals such as hot POCh, a second polysilicon layer 8 of 50 nm - 
100 nm thickness is deposited onto the whole surface by a LPCVD method. 
Since the second polysilicon layer 8 is used as a part of the gate electrode 
afterwards, the doping of impurities such as phosphorus is performed for 

20 keeping the resistivity low. Then, a photoresist is applied to the whole 

surface of the second polysilicon layer 8, which is then exposed by using a 
certain mask. The photoresist layer 9 covering the area where the gate 
electrode is to be formed is formed through development processing. 

Next, as shown in Fig. 4, by using the photoresist layer 9 as a mask, 

25 the second polysilicon layer 8 and the first polysilicon layer 4 are removed 
by etching. Through this process, the gate electrode 10 is formed. The 
gate electrode 10 comprises the first polysilicon layer 4 remaining on the 
first gate oxide film 3, the part of the second polysilicon layer 8 
superimposed on the polysilicon layer 4, and the part of the second 

30 polysilicon layer 8 extending over the second gate oxide film 6A and 6B. 

Then, by the ion implantation, the N + type source layer 11 and the 
N + type drain lay r 12 are formed. Here, during the CMOS process, the 
region wher P-channel type MOS transistor is to be form d is masked by 
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the photoresist. Then, the ion implantation for forming the source and 
drain is performed. Although the conditions of the ion implantation can 
be selected accordingly, in general, arsenic ions are implanted at a dose of 
about lX10 15 /cm 2 . 
5 By this, the N + type source layer 11 is formed in a self-aligned 

manner at the edge of the second gate oxide film 6A and the edge of the 
field oxide film 7. Likewise, the N + type drain layer 12 is formed in a 
self-aligned manner at the edge of the second gate oxide film 6A and the 
edge of the field oxide film 7. That is, the N + type source layer 11 is 

10 formed between the second gate oxide film 6A and the field oxide film 7, 
and the N + type drain layer 12 is formed between the second gate oxide 
film 6B and the field oxide film 7. 

In the insulated gate semiconductor device formed by the 
manufacturing method described above, that is, in the N-channel type 

15 high voltage MOS transistor, the edges of the gate electrode 10 are located 
away from the N + type source layer 11 and the N + type drain layer 12, 
and the thick second gate oxide films 6A and 6B are formed at the offset 
regions. Furthermore, under the thick second gate oxide films 6A and 6B, 
the N - type source layer 2A and the N - type drain layer 2B are formed on 

20 the silicon substrate 1. By this, the electric field between the gate 

electrode 10 and the N+ type source layer 11 as well as the electric field 
strength between the gate electrode 10 and the N + type drain layer 12 are 
weakened. Thus, the breakdown voltage between the gate and the source 
and the breakdown voltage between the gate and the drain are improved. 

25 On the first gate oxide film 3, the gate electrode 10 has a multi 

layered structure made of the first polysilicon film 4 and the second 
polysilicon layer 8 On the other hand, on the thick second gate oxide 
films 6A and 6B, the gate electrode 10 is a single layer of the second 
polysilicon layer 8. Thus, the thickness of the gate electrode 10 on the 

30 first gate oxide film 3 is the same as that of the gate electrode of the prior 
art, but the film thickness t2 of the gate electrode 10 on the second gate 
oxide films 6A and 6B is thinner than the thickn ss tl of the prior art. 

Therefore, the height gap h2 b twe n th gate electrode 10 and the 
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N + typ source layer 11 and the height gap h2 between th gate electrode 
10 and the N + type drain lay r 12 become smaller compared to thos of 
the prior art, leading to the improved flatness of the inter layer oxide film 
13. That is, as shown in Fig- 4, the height gap H 2 of the interlayer oxide 
5 film is smaller than the height gap HI of the prior art. Thus, as a result of 
the improved flatness of the interlayer oxide film 13, the processing 
accuracy for forming an Al wiring layer by photolithography processing 
on the interlayer oxide film 13 is also improved. 

As explained above, the manufacturing method of the insulated 

10 gate semiconductor device of this invention can achieve higher 

breakdown strength and improved flatness of the interlayer oxide film 13 
because of the smaller height gap between the gate electrode 10 and the N 
+ type source layer 11 and the smaller height gap between the gate 
electrode 10 and the N + type drain layer 12 compared to the prior art. 

15 The disclosure herein of an illustrative embodiment of the invention does 
not limit the invention as disclosed and claimed herein, as the scope of 
the invention for which protection is sought is set forth in the appended 
claims and equivalents. Persons skilled in the art will recognize from this 
disclosure equivalent and alternative embodiments and ways of carrying 

20 out the invention. 
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